
Agriculture,	  Fires	  and	  
Forests:	  Watching	  

(Monitoring)	  some	  of	  the	  
World's	  Resources	  

	  
Chris	  Jus7ce	  -‐	  University	  of	  Maryland	  

with	  contribu,ons	  from	  various	  colleagues	  	  
who	  actually	  do	  the	  work!	  	  

	  
	  Fires	  in	  Indochina	  –April	  6	  2010	  (	  NASA	  MODIS	  Aqua)	  



Take	  Home	  Message	  	  

Consistent	  long-‐term	  data	  records	  (CDR’s)	  
are	  as	  important	  for	  several	  applica,ons	  of	  

societal	  benefit	  as	  they	  are	  for	  	  
global	  change	  research	  

	  



© GEO Secretariat U.S. Department of State, Washington DC 
July 31, 2003 

GEO the Group on Earth Observations 
an Intergovernmental Organization with 90 Members 

and 67 Participating Organizations 



GEO	  is	  focused	  on	  societal	  benefit	  	  
Agriculture	  is	  one	  of	  the	  GEO	  societal	  benefit	  areas	  	  	  
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Example Participants in the GEO Agriculture Community of Practice 



From	  Earth	  Observa,ons	  to	  Informa,on	  	  
Component	  4	  	  Phase	  1:	  Defining	  Observa7on	  Requirements	  	  



Informa7on	  Products	  
•  Crop	  outlook	  /	  Early	  

warning	  	  
•  Area	  es,mate	  	  
•  Yield	  forecast	  
•  Produc,on	  es,mate	  	  
•  Food	  Sec/vulnerability	  

report	  	  	  
•  Sta,s,cs	  reports	  

•  Cropland	  mask	  /Pasturelands	  
•  Ag	  prac,ces	  	  
•  Crop	  condi,on	  indicators	  
•  Crop	  type	  	  
•  Biophysical	  variables	  	  
•  Environmental	  variables	  (soil	  

moisture)	  
•  In-‐situ	  Weather	  	  

EO	  Data	  Products	  
	  

Iden,fying	  Informa,on	  and	  Product	  Types	  



Ve
ge
ta
7o

n	  
In
de

x	  

Date	  (7me	  step	  16	  days)	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2010	  Season	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2005	  (average	  yield	  season)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2003	  (high	  yield	  season)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Mean	  	  NDVI	  curve	  (2000-‐2008)	  

Vegeta7on	  Index	  Time	  Series	  for	  Cropped	  Areas	  in	  	  	  	  
Volga	  District,	  Russia	  

USDA	  Monitoring	  	  Drought	  Impact	  on	  Crops	  in	  Russia,	  2010	  

Vegeta,on	  Anomaly	  Image,	  	  Volga	  District,	  	  
Russia	  ;	  June	  26-‐	  July11,	  2010	  

•  Low	  rainfall	  and	  hot	  temperatures	  were	  largely	  responsible	  for	  a	  reduc,on	  of	  
37%	  percent	  of	  the	  country’s	  grain	  crops.	  Global	  price	  increased	  80%	  in	  6	  
months	  

	  Need	  7mely,	  trusted,	  reliable,	  and	  accessible	  forecasts	  which	  can	  help	  to	  inform	  and	  
an7cipate	  trade	  policies	  and	  increase	  market	  confidence	  



	  
GEOGLAM	  Goal	  of	  Timely	  Informa,on	  on	  Crop	  Produc,on	  
using	  repeatable	  scien,fic	  methods	  to	  augment	  current	  opera,onal	  

procedures	  	  	  
	  

Harvest	  

Final	  Es,mate	  

Cri,cal	  Period	  
for	  EO	  	  	  



Who	  We	  Are	  	  
Open	  Community	  made	  up	  of	  interna,onal	  and	  na,onal	  agencies	  

concerned	  with	  agricultural	  monitoring	  including	  ministries	  of	  Ag,	  space	  
agencies,	  universi,es,	  and	  industry	  

	  



Monthly Wheat Prices 1960-2011($/Metric Ton) 
Source: World Bank 

 

Nominal	  wheat	  price	  in	  US	  $/metric	  Ton	  	  

2008	  Price	  hikes	  
Droughts:	  	  

Australia	  &	  Ukraine	  

2010/11	  Price	  hikes	  
Drought:	  	  
Russia	  

Landsat	  1	  	  Launched	  
(1972)	  

1971/2’s	  price	  hike	  
Drought:	  Russia	  	  	  

Shordalls	  due	  to	  droughts	  in	  main	  crop	  producing	  countries	  were	  large	  
factors	  leading	  to	  the	  food	  price	  hikes	  in	  recent	  years	  

NASA/USDA/NOAA	  	  
AGRISTARS	  
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G20	  Final	  Declara,on	  –	  Cannes,	  November	  2011	  
44.	  We	  commit	  to	  improve	  market	  informa8on	  and	  transparency	  
in	  order	  to	  make	  interna0onal	  markets	  for	  agricultural	  commodi0es	  
more	  effec0ve.	  To	  that	  end,	  we	  launched:	  
	  
The	  "Agricultural	  Market	  Informa8on	  System"	  (AMIS)	  in	  Rome	  on	  
September	  15,	  2011,	  to	  improve	  informa0on	  on	  markets	  ...;	  	  
	  
The	  "Global	  Agricultural	  Geo-‐monitoring	  Ini8a8ve"	  (GEOGLAM)	  in	  
Geneva	  on	  September	  22-‐23,	  2011.	  This	  ini0a0ve	  will	  coordinate	  
satellite	  monitoring	  observa0on	  systems	  in	  different	  regions	  of	  the	  
world	  in	  order	  to	  enhance	  crop	  produc0on	  projec0ons	  and	  weather	  
forecas0ng	  data.	  	  

Background : the G20 Agriculture priority (2011) 
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Trade 

 

Demand 

Stocks 

Price 

Supply 

Policies 

Finance 

GEOGLAM 

AMIS 

2	  ini8a8ves	  to	  increase	  informa8on	  
availability,	  quality	  and	  transparency	  

G20 requested a linkage between  
GEOGLAM and AMIS  

Background : the G20 Agriculture priority (2011) 
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GEOGLAM:	  GOAL	  AND	  SCOPE	  

•  To strengthen the international community’s capacity  
to produce and disseminate relevant information on 
agricultural production at national, regional and global 
scales, through reinforced use of Earth Observations.  

•  GEOGLAM is a ‘coordination program’, aiming at:  
–   supporting, strengthening and articulating existing 

efforts through the use of EO  
–   developing capacities and awareness at national 

and global level 
–   improving availability and open access to data and 

disseminating information  
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GEOGLAM	  Governance	  Model	  

GEOGLAM Steering Committee 
Including G20 Donor representation, program stakeholders  

Implementa,on	  	  Group	  
consis,ng	  of	  Implementa,on	  Team	  leads	  

Program	  
Coordina7on	  office	  

+	  Secretariat	  

1.  Global / Regional 
System of Systems 

  
main producer countries, 

main commodities 

2.  National Capacity 
Development 

 
for agricultural monitoring 

using earth observation 

3.  Monitoring 
countries at risk 

food security assessment 

4. EO data coordination (w. CEOS)  

5. Method improvement through R&D coordination (e.g. JECAM) 

6.  Data products and information dissemination 

Tasks Tasks Tasks 



Countries	  responsible	  for	  96%	  of	  total	  world	  
exports	  of	  corn,	  soy,	  wheat	  and	  rice	  combined	  	  

The	  focus	  for	  AMIS	  	  



Northern	  Hemisphere	  Satellite	  Derived	  Crop	  NDVI	  Anomaly	  rela7ve	  to	  Average	  (2000-‐2011)	  	  
May	  1st,	  2012	  

-‐0.4	  	  	  	  	  	  	  	  	  	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.4	  
Worse	  than	  
normal	  

normal	   Befer	  than	  
normal	  

Crop	  NDVI	  Anomaly	  

•  Crop	  stage	  sensi0ve	  to	  moisture	  and	  temperature	  
•  Crop	  stages	  largely	  based	  on	  USDA/NOAA	  Joint	  

Agricultural	  Weather	  Facility	  (JAWF	  

Europe:	  Wheat	  (veg-‐filling)	  
Spain-‐	  below	  avg	  condi8on	  	  
France-‐	  avg	  condi8ons	  
Italy-‐	  Above	  avg	  condi8ons	  	  	  

Black	  Sea	  Region	  (Ukraine,	  Russia,	  Kazakhstan):	  	  
wheat	  (winter:	  veg	  to	  heading	  Spring:	  plan8ng)	  
Southern	  Ukraine	  &	  Southern	  Russia	  :	  	  
below	  average	  condi8ons	  for	  winter	  wheat	  

China:	  Wheat	  (filling)	  
Avg	  to	  above	  avg	  
	  Corn	  &	  Soy	  (plan8ng)	  USA:	  Wheat,	  (heading	  stage)	  

Above	  average	  condi8on	  
Soy/corn	  (plan8ng)	  

Non	  Cropland	  
Not	  shown	  

	  
	  
	  
	  
Crops	  in	  development	  stages	  sensi,ve	  to	  
drought	  condi,ons	  are	  highlighted	  in	  red	  next	  to	  
each	  each	  region.	  	  
-‐	  Only	  Croplands	  are	  shown	  	  

Orange	  and	  brown	  indicate	  crop	  with	  below	  
average	  condi,ons	  	  
Green	  indicates	  crop	  with	  above	  average	  
condi,on	  



Northern	  Hemisphere	  Crop	  Condi7on	  Anomaly,	  June	  1st,	  2012	  

-‐0.4	  	  	  	  	  	  	  	  	  	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.4	  
Worse	  than	  
normal	  

normal	   Befer	  than	  
normal	  

Crop	  NDVI	  Anomaly	  

•  Crop	  stage	  sensi0ve	  to	  moisture	  and	  temperature	  
•  Crop	  stages	  largely	  based	  on	  USDA/NOAA	  Joint	  

Agricultural	  Weather	  Facility	  (JAWF	  

Europe:	  Wheat	  &	  Corn	  	  
Black	  Sea	  Region	  (Ukraine,	  Russia,	  Kazakhstan):	  wheat	  

China:	  Corn	  &	  Soy	  

Non	  Cropland	  
Not	  shown	  

USA:	  Corn	  &	  Soy	  

Crop	  NDVI	  Anomaly	  rela7ve	  to	  Average	  (2000-‐2011)	  	  
June	  1st,	  2012	  

(Data	  source:	  NASA	  MODIS)	  	  processed	  at	  UMD	  



Northern	  Hemisphere	  NDVI	  Crop	  Anomaly,	  July	  15th,	  2012	  

-‐  US	  NDVI	  anoms	  persist	  
-‐  Ukraine	  NDVI	  anoms	  con,nues	  and	  spread	  north	  
-‐  Russia,	  Kazakhstan	  NDVI	  anoms	  intensifying	  
-‐  Posi,ve	  NDVI	  anoms	  in	  China	  &	  Canadian	  praries	  

-‐0.4	  	  	  	  	  	  	  	  	  	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.4	  
Worse	  than	  
normal	  

normal	   Befer	  than	  
normal	  

Crop	  NDVI	  Anomaly	  

•  Crop	  stage	  sensi0ve	  to	  moisture	  and	  temperature	  
•  Crop	  stages	  largely	  based	  on	  USDA/NOAA	  Joint	  

Agricultural	  Weather	  Facility	  (JAWF	  

Canada:	  Wheat	  

USA:	  Corn	  &	  Soy	  

Europe:	  Corn	  

Black	  Sea	  Region	  (Ukraine,	  Russia,	  Kazakhstan):	  	  
Wheat	  &	  Corn	  	  

China:	  Corn,	  soy	  ,	  rice	  

Non	  Cropland	  
Not	  shown	  

Crop	  NDVI	  Anomaly	  rela7ve	  to	  Average	  (2000-‐2011)	  	  
July	  15th,	  2012	  



-‐0.4	  	  	  	  	  	  	  	  	  	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.4	  
Worse	  than	  
normal	  

normal	   Befer	  than	  
normal	  

Crop	  NDVI	  Anomaly	  

USA	  

Russia	  

Kazakhstan	  

China	  

India	  

Canada	  

Ukraine	  

Non	  Cropland	  
Not	  shown	  

Current	  season	  crop	  development	  (2012)	  
Average	  season	  development	  (2000-‐2011)	  

Corn	  produc7on	  	  	  	  	  	  30%	  	  
Soy	  Produc7on	  	  	  	  	  	  	  12%	  	   Wheat	  produc7on	  	  	  	  	  44%	  	   Wheat	  produc7on	  	  	  	  	  52%	   Wheat	  produc7on	  	  	  	  	  44%	  

Stats:	  USA-‐	  USDA	  NASS,	  Russia-‐	  Rosstat	  ,	  Kazakhstan-‐	  SSA	  

Crop	  NDVI	  Anomaly	  rela7ve	  to	  Average	  (2000-‐2011)	  	  
August	  15th,	  2012	  

USA,	  Illinois	  



Comparing	  the	  2012	  Drought	  to	  the	  2010	  Drought	  

Crop	  Condi7on	  July	  	  17,	  	  2010	  

2012	  affec,ng	  crop	  
response	  in	  Russia,	  
Ukraine,	  Kazakhstan	  

Vegeta,on	  Anomaly	  during	  
the	  2010	  Russian	  drought	  

Crop	  Condi7on	  July	  17,	  2012	  

Russia	  Produc7on	  38MT	  =	  32%	  	  	  	  	  	  	  	  rela7ve	  to	  2011	  	  	  	  

Kazakhstan	  Produc7on	  9.8	  MT	  
=	  53%	  	  	  	  	  	  	  	  rela7ve	  to	  2011	  

Kazakhstan	  Produc7on	  9.6	  MT	  
=	  45%	  	  	  	  	  	  	  	  rela7ve	  to	  2009	  

-‐0.4	  	  	  	  	  	  	  	  	  	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.4	  
Worse	  than	  
normal	  

normal	   Befer	  than	  
normal	  

Crop	  NDVI	  Anomaly	  

Russia	  Produc7on	  41.5MT=	  32%	  	  	  	  	  	  	  	  	  	  rela7ve	  to	  2009	  

-‐0.4	  	  	  	  	  	  	  	  	  	  	  	  	  	  0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.4	  
Worse	  than	  
normal	  

normal	   Befer	  than	  
normal	  

Crop	  NDVI	  Anomaly	  
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Global Crop Assessment : Phase 1 Global Component  



July	  1st	  2013	  NDVI	  Anomaly	  



July	  15st	  2013	  NDVI	  Anomaly	  



June	  2013	  Temperature	  Sum	  



MODIS	  NDVI	  Anomaly	  July	  30th	  2012	  



Prototype	  VIIRS	  NDVI	  Anomaly,	  	  July	  30th	  2012	  
	  	  

A VIIRS NDVI anomaly (prototype) image computed for the same date (July, 30th 2012) as the 
MODIS NDVI anomaly shown in the previous slide, generated from data produced at the GSFC Land 
PEATE. 

Vermote	  2013	  



Percent	  of	  Popula,on	  by	  Country	  with	  Insufficient	  Food	  
UN	  FAO	  2003-‐2005	  

	  

Primary	  countries	  at	  Risk	  	  



AMS Annual Meeting 
January 23, 2012 – New Orleans, Louisiana 

 

National Reports 
Supplementary 

Reports 

    FEWS NET Reporting 
for Early Warning & Monitoring…	  

Flood Advisories 

Regional 
Reports 

Weather Hazard 
Assessments 

Courtesy	  Jim	  Verdin	  USGS	  
	  	  



AMS Annual Meeting 
January 23, 2012 – New Orleans, Louisiana 

 

	  
	   30 

Current FS status 

Food Security Outlooks 

Other   info: 
Trade, 
Conflicts, 
Health… 
 

Climate 
Forecasts 

Livelihoods 
 

Seasonal Calendar 

Regional	  &	  Na7onal	  FSO	  Scenario’s	  &	  Updates	  

Courtesy	  Jim	  Verdin	  USGS	  
	  	  

Courtesy	  Jim	  Verdin	  USGS	  
FEWS	  NET	  

	  	  



AMS Annual Meeting 
January 23, 2012 – New Orleans, Louisiana 

 

Main	  season	  rainfall	  
decreasing,	  while	  
second	  season	  is	  
increasing	  	  

Trends: Precipitation changes in Kenya, 1980 – 2008 

Last	  4	  rainy	  seasons	  
are	  ranked	  lowest	  

Almost	  20%	  drop	  in	  
main	  season	  rainfall	  
since	  1980	  

Courtesy	  Jim	  Verdin	  USGS	  
	  	  



AMS Annual Meeting 
January 23, 2012 – New Orleans, Louisiana 

 

20th	  Century	  Global	  Surface	  Temperatures	  
and	  Indian	  Ocean	  SSTs	  Rising	  in	  Tandem	  
(Same	  “hockey-‐s,ck”	  rise	  since	  1980)	   	  An7cipated	  change	  in	  rainfall	  (as	  percent)	  

	  More	  agricultural	  drought	  lies	  ahead	  

Courtesy	  Jim	  Verdin	  USGS	  
	  	  

Historic	  Trends	  and	  Projec,ons	  	  



AMS Annual Meeting 
January 23, 2012 – New Orleans, Louisiana 

 

Courtesy	  Jim	  Verdin	  USGS	  
	  	  



AMS Annual Meeting 
January 23, 2012 – New Orleans, Louisiana 

 

La Nina and Food Security in East Africa 



AMS Annual Meeting 
January 23, 2012 – New Orleans, Louisiana 

 

La Nina and Food Security in East Africa 
•  September 2010 GHACOF confirmed La Nina outlook 
•  November 2, 2010 EAST AFRICA Food Security Alert 

 “…a worse than usual JFM lean season…” 
•  February 23, 2011 EAST AFRICA Food Security Alert 
“Large-scale emergency assistance to address current 
food insecurity is needed..” 
•  March 15, 2011 EAST AFRICA Food Security Alert 
“Below-average March to May rains forecast in the 
Eastern Horn – current crisis likely to worsen”  
•  May 6, 2011 EAST AFRICA Food Security Alert 
“conditions in the pastoral areas in particular are moving 
toward the ‘worst case scenario’ identified by FEWS NET 
in the March 15 East Africa Food Security Alert” 

Courtesy	  Jim	  Verdin	  USGS	  
	  	  



AMS Annual Meeting 
January 23, 2012 – New Orleans, Louisiana 

 

La Nina and Food Security in East Africa 

Courtesy	  Jim	  Verdin	  USGS	  
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For GEOGLAM the international 
community of practice 
is ready – the work plan is well 
developed - the programs are getting the  
right level of policy mandate – now how 
does this translate into government 
agency commitments for improving 
operational systems,  overcoming 
institutional barriers and implementing 
true international cooperation ?  



Satellite	  Detec7on	  of	  Fires	  Burning	  Last	  10	  days	  	  	  
MODIS	  Ac,ve	  Fire	  Detec,ons	  	  (07/10/2013	  -‐	  07/19/2013)	  

	  
Compiled	  Daily	  Observa,ons	  taken	  by	  the	  NASA	  MODIS	  Satellite	  	  



Fires and smoke in 
southeast Asia 
(05/03/2013) 

 



Fires and smoke in Indonesia 
(6/19/2013) 

 



Fires, Riau Province,  

Sumatra, Indonesia,  
June 18, 2013 



Haze in Singapore, June 20, 
2013 



China Env., Problems; Pollution 



Aerosol optical depth – OMI 
(2013-06-18)  



Aerosol optical depth–OMI 
(2013-06-19)  





"  ASEAN Agreement on Transboundary  
Haze Pollution  

"  The Agreement requires the Parties to the 
Agreement to: 

"   (i) cooperate in developing and implementing measures to prevent, 
monitor, and mitigate transboundary haze pollution by controlling 
sources of land and/or forest fires, development of monitoring, 
assessment and early warning systems, exchange of information and 
technology, and the provision of mutual assistance; 
 

"   (ii) respond promptly to a request for relevant information sought by a 
State or States that are or may be affected by such transboundary haze 
pollution, with a view to minimising the consequence of the 
transboundary haze pollution; and 
 

"   (iii) take legal, administrative and/ or other measures to implement 
their obligations under the Agreement. 

"   9 SEA Countries, COP 6 Brunei 2010  

 



Mean	  Peak	  Fire	  Month	  (2000-‐2005)	  
Giglio	  et	  al	  2006	  

Time-‐series	  needed	  to	  develop	  a	  satellite-‐based	  
Global	  Fire	  Regime	  Characteriza7on	  



Star,ng	  to	  Characterize	  Global	  Fire	  

Giglio et al., 2006, JGR 

Season	  length	  from	  MODIS	  ac7ve	  fires	  (2000-‐2005)	  



Burned	  area	  data	  from	  satellite-‐based	  Global	  Fire	  Emissions	  Database	  (GFED)	  

Giglio	  et	  al	  	  



2012	  total	  was	  for	  January	  –	  
August	  

Giglio	  et	  al	  	  



MODIS Burned Area Frequency  

Boschetti, Roy and Justice 



MODIS Burned Area Median Date  

Boschetti, Roy and Justice 
 

2000 - 2008 



UN	  Forest	  
Resource	  

Assessment	  	  
2010	  



Hansen	  et	  al	  	  

Time	  Series	  for	  Monitoring	  Forest	  Change	  	  



Sugarcane	  Expansion	  (Ethanol),	  Brazil	  

J.	  Rocha	  Conab	  



Soybean	  	  Expansion	  in	  
Mato	  Grosso,	  Brazil	  

August	  6	  1992,	  TM	  

July	  28,	  2006,	  ASTER	  

1992,	  TM	   2006,	  ASTER	  



Na,onal	  and	  regional	  forest	  cover	  change	  mapping	  projects	  

European	  Russia	  2000-‐2005	  
Potapov	  et	  al.,	  R.	  S.	  of	  E.	  2011	  
7,227	  ETM+	  scenes	  

Republic	  of	  Congo	  2000-‐2010	  
Na,onal	  forest	  atlas	  (in	  press)	  
1,788	  ETM+	  scenes	  

Democra,c	  Rep.	  of	  the	  Congo	  2000-‐2010	  
Potapov	  et	  al.,	  R.	  S.	  of	  E.	  2012	  
8,881	  ETM+	  scenes	  

Indonesia	  2000-‐2010	  
Margono	  et	  al.,	  E.R.L.	  2012	  
15,692	  TM/ETM+	  scenes	  

Brazilian	  Amazon,	  2000-‐2005	  
14,993	  ETM+	  scenes	  

Peru,	  2000-‐2011	  
11,654	  ETM+	  scenes	  

Mexico	  2000-‐2010	  
20,126	  ETM+	  scenes	  
11,654	  ETM+	  scenes	  

USA	  2006-‐2010	  
Hansen	  et	  al.,	  R.S.L.	  2011	  
WELD	  dataset	  

	  Quebec,	  Canada	  2000-‐2005	  
3,342	  ETM+	  scenes	  

Hansen,	  Potapov	  et	  al.	  	  



North	  American	  Forest	  Dynamics	  
Vegetation	  Change	  Tracker	  
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Lake Anna, VA, 60 km NW of  Richmond 
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Goward,	  Huang	  et	  al	  	  North	  American	  Forest	  Dynamics	  (NAFD)	  	  -‐	  A	  NACP	  Core	  Project	  



UN	  REDD+	  	  
Monitoring,	  Repor,ng	  and	  Verifica,on	  	  



Expanded Take Home Message  
•  Satellite-based monitoring can provide policy relevant information 

for societal benefit  
•  Consistent long-term data records (CDR’s) are as important for 

several applications of societal benefit as they are for global 
change research 

•  Because its ‘operational’ doesn’t mean we can tolerate poorer 
quality data (Data Quality Matters) 

•  Science stewardship of the data is required for both science and 
applications - involving calibration, quality assessment and use  

•  Frequent reprocessing of the data records is implicit in the 
development of consistent long-term data records (as the data 
are better understood)  

•  Should the NOAA CDR Program include land applications of 
‘societal benefit’?  – If so - what changes to the program would 
be needed? 

 


